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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor sample cleavage method and the 

marking-ofif line formation equipment for cleavages. 

[0002] 

[Description of the Prior Art] Evaluation of a semiconductor sample cross section has been performed by the scanning electron 
microscope generally known well, the Auger electron spectroscopy, etc. In order to evaluate a sample cross section in these 
evaluation methods, it is necessary to cany out the cleavage of the sample. 

[0003] If the conventional cleavage method is explained, as shown in drawing 4 , the marking-ofif line 100 is minced with a 
diamond pen etc. at the semiconductor sample 1, and the method of carrying out the cleavage of this is used widely. In this case, 
the crystal face of the crystal substrate front face which constitutes a semiconductor sample will determine the direction of a 
marking-ofif line on the basis of the unilateral side, supposing the semiconductor sample is carrying out the rectangle like 
illustration as known. A ruler is set in the direction and, usually a marking-ofif line is put into it with a diamond pen. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it is difificult to obtain a cleavage plane in a desired analysis part by such 
technique in the semiconductor sample which the direction of a marking-ofif line and the precision of a size were bad, and had a 
device especially in the front face for the influence by the device structure, difiference in material, etc. Especially, in the 
semiconductor device which is recent years and which turned minutely, the specification of a cleavage part itself is difficult. 
Furthermore, though a cleavage part is able to be pinpointed, since the surface section of a crystal substrate is damaged by the 
marking-ofif line, the cleavage plane covering the whole cross section of a crystal substrate cannot be formed. That is, a cleavage 
plane cannot be correctly formed in a desired analysis part. 

[0005] The purpose of this invention is to offer the semiconductor sample cleavage method and marking-ofif line formation 
equipment which can obtain a cleavage plane correctly in the analysis part of a request of the semiconductor sample in which the 
detailed device was formed. 
[0006] 

[Means for Solving the Problem] The direction of a cleavage of a semiconductor sample is determined with an X-ray diffraction 
method, and the semiconductor sample cleavage method of this invention fixes one side bordering on the aforementioned 
marking-ofif line of the aforementioned semiconductor sample, after mincing a marking-ofif line in the shape of a dashed line in the 
aforementioned cleavage direction by the focal ion beam or the laser beam, it applies external force to an another side side in the 
direction perpendicular to the front face of the aforementioned semiconductor sample, and carries out a cleavage. 
[0007] 1st means by which the marking-ofif line formation equipment of this invention 1st irradiates the maintenance base of a 
semiconductor sample, and the X-ray with which it was collimated by the aforementioned semiconductor sample. The X-ray 
detection meter which has the X-ray sensor which detects the X-ray diffracted by the aforementioned semiconductor sample, 2nd 
means to irradiate converging, deflecting the ion beam generated from the ion source, and scanning the aforementioned 
semiconductor sample side. The marking-ofif line was formed in the front face of the aforementioned semiconductor sample by 
coming to have the 3rd means which detects and carries out image display of the secondary electron or secondary ion emitted 
from the aforementioned semiconductor sample, and controlling the intensity of the aforementioned ion beam synchronizing with 
the aforementioned scan. 

[0008] 1st means by which the marking-ofif line formation equipment of this invention 2nd irradiates the maintenance base of a 
semiconductor sample, and the X-ray with which it was collimated by the aforementioned semiconductor sample. The X-ray 
detection meter which detects the X-ray dififracted by the aforementioned semiconductor sample, and 2nd means to irradiate 
converging, deflecting the laser beam generated from the source of a laser beam, and scaiming the aforementioned semiconductor 
sample side. The marking-ofif line was formed in the front face of the aforementioned semiconductor sample by coming to have 
the 3rd means which detects and carries out image display of the aforementioned laser beam reflected by the aforementioned 
semiconductor sample, and controlling the intensity of the aforementioned laser beam synchronizing with the aforementioned 
scan. 

[0009] The picture of the semiconductor sample front face which carries out the two-dimensional scan which makes this direction 
horizontal, detects the reflected ion beam, secondary electron, or laser beam in the direction of a cleavage determined by the 
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X-ray diffraction method, and is obtained by the focal ion beam or the laser beam in it can be observed, the amount of beams can 
be controlled synchronizing with the above-mentioned scan, and a marking-off line can be minced in the shape of a dashed line. 
[0010] 

[Embodiments of the hivention] When drawing 1 is referred to, the gestalt of operation of the 1st of the marking-offline formation 
equipment of this invention is 1st means (it has the X line source 4 (the X-ray filter and collimator which are not illustrated are 
included), and the X-ray control unit 5.) to irradiate the maintenance base 2 (for it to have the X-Y stage and the biaxial 
goniometer head which are not illustrated) of the semiconductor sample 1, and X-ray 3 of the monochrome coUimated by the 
semiconductor sample 1 . the X line source 4 controls the intensity of ON / OFF, and X-ray 3 in response to a control signal 3 1 
from the X-ray control unit 5 -- the X-ray detection meter (it has the GM counter tube 7, the X-ray detection meter main part 8, 
and the signal line 32.) which detects X-ray 6 diffracted by the semiconductor sample 1 the X-ray detector main part 8 drives the 
GM counter tube 7, receives the output signal (32), processes amplification etc., and displays an X-ray enumerated data 2nd 
means to irradiate converging, deflecting ion beam 10a generated from the ion source 9, and scanning the front face of the 
semiconductor sample 1 as ion beam 10b (it has the ion source 9, the focus deflection system 1 1, the ion beam control circuit 12, 
and the deviation signal line 35.) It comes to have the 3rd means (for it to have the image display equipments 16, such as the 
secondary ion detector 14, an image processing system 1 5, and CRT) which detects and carries out image display of the 
secondary ion 1 3 emitted from the semiconductor sample 1 . The marking-off line was formed in the front/ace of the 
semiconductor sample 1 by controlling the intensity of ion beam 10a synchronizing with the above-mentioned scan. With the 
same synchronizing signal S, the ion beam control circuit 12, an image processing system 15, and CRT (16) take a 
synchronization, and operate, the thing (for example, the time of non interchange line frill frame scanning and an effective 
horizontal scanning line number being N the horizontal scanning line of eye M book (1 <=M<=N) -) of an inner request of the 
horizontal scanning line of CRT If it specifies by the line selection circuitry 18 (the Mth horizontal synchronizing signal in a field 
period is chosen among synchronizing signals 37) and says in the aforementioned example Immediately after the Mth detection of 
a horizontal synchronizing pulse, the output signal 38 of the line selection circuitry 18 which becomes active is fed back, and the 
scanning line of eye M book is made deep on CRT (16). Simultaneously, in response to this output signal 38, the square wave 
generating circuit 1 9 supplies the square wave signal 39 to the ion beam control circuit 12 during [ this ] the selected horizontal 
scanning, impresses it to the ion source 9 as an ion beam on-the-strength control signal 34, and performs on-the-strength control 
of an ion beam. The square wave generating circuit 1 9 generates the pulse of several [ at least ] shots within 1 horizontal scanning 
period, and makes adjustable pulse repetition frequency and the wave height. Moreover, it is desirable to insert the time delay 
adjustable delay circuit which is not illustrated between the line selection circuitries 1 8. 

[001 1] Next, intermediary explanation is given at the method of forming the marking-offline for cleavages in a semiconductor 
sample using this marking-off line formation equipment, 

[00 1 2] As a semiconductor sample 1 , the integrated circuit chip which used 2mm long, 2mm wide, and the silicon semiconductor 
substrate (suppose that the front face is a field mostiy (100)) with a thickness of 200 micrometers is used. 
[0013] (100) Although it can be chosen as a field, a field perpendicular to the both sides of a field, i.e., (01-1), a field, and (0-1 1) 
a cleavage plane, all {01 1 } sides equivalent to these can be used as a cleavage plane. 

[0014] The angle phi which the optical path of X-ray 3 which carries out incidence to the field (100) of a silicon semiconductor 
substrate, and the optical path of reflected X-ray 6 make is pi-2thetal 1 1 . The X line source 4 and the GM counter tube 6 are set 
so that it may become, theta 1 1 1 It is the Bragg angle of the field (1 1 1) of a silicon crystal. The semiconductor sample 1 is fixed to 
a maintenance base, and an X-ray is irradiated. A goniometer is adjusted and it is made for the output of an X-ray detection meter 
to serve as the maximum. So far, it is the same as an X-ray diffractometer. 

[001 5] Let the flat surface which intersects perpendicularly with the normal h (not shown) which intersects perpendicularly with 
the optical path of X-ray 3, and the both sides of the normal s on the front face of a silicon substrate be a cleavage plane. What is 
necessary is just to form a marking-off line along with one of the nodal line k of a flat surface perpendicular to Normal h, and the 
front face of a silicon semiconductor substrate (not shown), and the lines parallel to this. 

[0016] If the substrate crystal (this example sihcon) which constitutes a semiconductor sample, its front face, or the crystal face 
(this example (100) field) near it was decided, since Normal h or a nodal line k will be decided, let the either, for example, a 
direction parallel to a nodal line k, be the direction of a horizontal scanning of an ion beam. What is necessary is just to set the 
relative-position relation on a focus deflection system and the front face of a silicon substrate such, hi this case, it is desirable that 
the ion beam when rotating a silicon substrate and not deviating around a nodal line k is made to carry out incidence to a 
perpendicular on the surface of a silicon substrate mosUy. 

[0017] Next, a vacuum housing 17 is closed (the X line source 4 may be out of a vacuum housing.). It is because what is 
necessary is to prepare a glass window in a vacuum housing and just to carry out incidence of the X-ray from the glass window. 
After exhausting, the front face of the semiconductor sample 1 is scanned two-dimensional by the gallium ion beam (10b) which 
was accelerated by 30keV and converged on it. Let the direction of a horizontal scanning of an ion beam be the direction of a 
nodal line k and a straight line including a substrate front face. You may take a scanning field larger than a silicon-substrate front 
face. At this time, ion beam intensity is made small so that a gallium ion beam may not ********** in a semiconductor sample. 
The output signal 33 which detects a secondary electron or the negative secondary ion beam 1 3 by the secondary ion detector 14, 
and is obtained is given to an image processing system 1 5, the video signal 36 which is the output is given to image display 
equipment 16, and the image of a semiconductor sample front face is displayed. Here, it is operating as a scarming ion 
microscope. 
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[001 8] Next, two or more scanning lines which adjoin the appropriate scanning line mutually at least 1 and if needed are chosen 
among many horizontal scanning lines, intensity of a gallium ion beam is enlarged, and a marking-offline is fomed by 
**********ing the front face of a semiconductor sample. By changing gallium ion beam intensity in the shape of a square wave 
at this time, it is desirable to form a dashed line-like marking-offline. Here, width of face of 1 micrometer or less, for example, 
500nm, and the slot (101 of drawing 3 ) with a length of 50 micrometers were minced at intervals of 50 micrometers. At this time, 
the desired analysis part (102 of drawing 3 ) was avoided, and the slot 101 was formed, a time delay after receiving the output 
signal 38 of a line selection circuitry until a square wave occurs and — or what is necessary is to observe the image of a 
semiconductor sample front face, adjusting the intensity of pulse repetition frequency and a gallium ion beam, to raise the intensity 
of a gallium ion beam and just to start etching, after determining the part which forms a marking-off line 
[001 9] Next, a semiconductor sample is removed from a goniometer head, it attaches in cleavage equipment, and a cleavage is 
carried out by mechanical means. For example, what is necessary is to fix one side of the marking-off line of a semiconductor 
sample, to apply mechanical power with a hammer and just to carry out the cleavage of the free end. As for this cleavage, it is 
desirable to cany out in a vacuum. It is also possible for it to be consistent using an appropriate conveyance means etc., and to do 
work until it moves and carries out the cleavage of the semiconductor sample to cleavage equipment from a goniometer in a 
vacuum. 

[0020] Furthermore, the semiconductor sample by which the cleavage was carried out, with the vacuum held can also be 
conveyed to assay equipment. 

[002 1 ] Scanning an ion beam according to the cleavage plane correctly determined by the X-ray diffractometer, and observing by 
the scanning ion microscope, by controlling the amount of ion beams synchronizing with the above-mentioned scan, a desired 
analysis part can be avoided, a slot can be formed and a marking-off line can be correctly formed in the shape of a dashed line. 
Therefore, the cleavage plane which does not almost have a damage by the ion bombardment can be obtained over the whole 
cross section of a silicon semiconductor substrate, and exact assay is attained. Moreover, since formation of the natural oxidation 
fihn by touching the open air etc. can be avoided when carrying out a cleavage in a vacuum, analysis of a pure cleavage plane is 
attained. 

[0022] Next, the gestalt of operation of the 2nd of this invention is e>qDlained in detail. 

[0023] When drawing 2 is referred to, the gestalt of operation of the 2nd of the marking-off line formation equipment of this 
invention is 1 st means (it has the X line source 4 (the X-ray filter and collimator which are not illustrated are included), and the 
X-ray control unit 5.) to irradiate the maintenance base 2 (for it to have the X-Y stage and the biaxial goniometer head which are 
not illustrated) of the semiconductor sample 1 , and X-ray 3 of the monochrome collimated by the semiconductor sample 1 . the X 
line source 4 controls the intensity of ON / OFF, and X-ray 3 in response to a control signal 3 1 from the X-ray control unit 5 -- 
the X-ray detection meter (it has the GM counter tube 7, the X-ray detection meter main part 8, and the signal line 32.) which 
detects X-ray 6 diffracted by the semiconductor sample 1 the X-ray detector main part 8 drives the GM counter tube 7, receives 
the output signal (32), processes amplification etc., and displays an X-ray enumerated data Laser-beam lOaA generated from 
source of laser 9 A is reflected with a dichroic mirror 20. 2nd means to irradiate converging and scanning [ scan, ] the front face of 
the semiconductor sample 1 as laser-beam lObA (it has source of laser 9 A, a dichroic mirror 20, a scanner 1 1-1, a focusing lens 
1 1 -2, and laser-beam control circuit 1 2A.) pass a focusing lens 1 1 -2, a scanner 1 1 -1 , and a dichroic mirror 20 in the laser beam 
reflected by the semiconductor sample 1 — the 3rd means (solid-state-camera 14 A, such as CCD, —) which detects and carries out 
image display an image processing system 15 — it has the image display equipments 16, such as A and CRT, -****-- the 
marking-off line was formed in the front face of the semiconductor sample 1 by coming to have and controlling the intensity of 
laser beam lOaA synchronizing with the above-mentioned scan 

[0024] With the same synchronizing signal S, laser-beam control circuit 12A (the signal which controls a scanner 11-1 is 
outputted to scanning signal-line 3 5 A), solid-state-camera 14 A, image processing system 15 A, and CRT(16) take a 
synchronization, and operate. The thing (when for example, non interchange line fiill frame scanning and an effective horizontal 
scanning line number are N, it is the horizontal scanning line of eye M book (1 <=M<=N)) of an inner request of the horizontal 
scaiming line of CRT with a control signal Sc If it specifies by the line selection circuitry 18 (the Mth horizontal synchronizing 
signal in a field period is chosen) and says in the aforementioned example Immediately after the Mth detection of a horizontal 
synchronizing pulse, the output signal 38 of the line selection circuitry 18 which becomes active is fed back, and the scanning line 
of eye M book is made deep on CRT (16). Simultaneously, in response to this output signal 38, square wave generating circuit 
19A supplies square wave signal 39A to laser-beam control circuit 12A during [ this ] the selected horizontal scanning, impresses 
it to source of laser 9 A as laser-beam on-the-strength control signal 3 4 A, and performs on-the-strength control of a laser beam. 
The square wave generating circuit 19 generates the pulse of several [ at least ] shots within I horizontal scanning period, and 
makes adjustable pulse repetition frequency and the wave height. Moreover, it is desirable to insert the time delay adjustable delay 
circuit which is not illustrated between the line selection circuitries 18. 

[0025] Next, intermediary explanation is given at the method of forming the scribing line for cleavages in a semiconductor 
sample using this scribing line formation equipment. 

[0026] As a semiconductor sample I, the integrated circuit chip which used 5mm long, 10mm wide, and the silicon 
semiconductor substrate (suppose that the front face is a field mosUy (100)) with a thickness of 300 micrometers is used. 
[0027] (100) Although it can be chosen as a field, a field perpendicular to the both sides of a field, i.e., (01-1), a field, and (O-l 1) 
a cleavage plane, all {01 1 } sides equivalent to these can be used as a cleavage plane. 

[0028] The angle phi which the optical path of X-ray 3 which carries out incidence to the field (100) of a silicon semiconductor 
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substrate, and the optical path of reflected X-ray 6 make is pi-2thetal 1 1 . The X line source 4 and the GM counter tube 6 are set 
so that it may become, theta 1 11 It is the Bragg angle of the field (1 1 1) of a silicon crystal. The semiconductor sample 1 is fixed to 
a maintenance base, and an X-ray is irradiated. A goniometer is adjusted and it is made for the output of an X-ray detection meter 
to serve as the maximum. So far, it is the same as an X-ray dtffiractometer. Let the flat surface which intersects perpendicularly 
with the normal h (not shown) which intersects perpendicularly with the optical path of X-ray 3, and the both sides of the normal s 
on the front face of a silicon substrate be a cleavage plane. What is necessary is just to form a marking-offline along with one of 
the nodal line k of a flat surface perpendicular to Normal h, and the front face of a silicon semiconductor substrate (not shown), 
and the lines parallel to this. 

[0029] If the substrate crystal (this example silicon) which constitutes a semiconductor sample, its front face, or the crystal face 
(this example (100) field) near it was decided, since Normal h or a nodal line k will be decided, let the either, for example, a 
direction parallel to a nodal line k, be the direction of a horizontal scanning of an ion beam. What is necessary is just to set the 
relative-position relation on a focus deflection system and the front face of a silicon substrate such. In this case, it is desirable that 
the ion beam when rotating a silicon substrate around a nodal line k, and not deviating is made to carry out incidence to a 
perpendicular on the surface of a silicon substrate mosfly. 

[0030] Next, vacuum housing 17A is closed (the X line source 4 may be out of a vacuum housing.). It is because what is 
necessary is to prepare a glass window in a vacuum housing and just to cany out incidence of the X-ray from the glass window. 
Moreover, you may set a focusing lens 11-2 besides a vacuum housing. After exhausting, the front face of the semiconductor 
sample 1 is scanned two-dimensional by the oscillation line of Nd-YAG laser. You may take a scanning field larger than a 
silicon-substrate front face. Let the direction of a horizontal scanning of a laser beam be the direction of a nodal line k and a 
straight line including a substrate front face. At this time, laser-beam intensity is made small so that Nd-YAG laser beam may not 
********** in a semiconductor sample. Next, the image of a semiconductor sample front face is displayed on image display 
equipment 16 by detecting the laser beam reflected on the front face of the semiconductor sample 1 by solid-state-camera 14A 
through a focusing lens 1 1-2, a scanner 11-1, and a dichroic mirror 20, and letting an image processing system 15 pass. Since the 
wavelength of Nd-YAG laser is 1 .06 micrometers, the solid state camera which has sensitivity near-infrared should just be used 
for it. 

[003 1 ] Next, two or more scanning lines which adjoin the appropriate scaiming line mutually at least 1 and if needed are chosen 
among many horizontal scanning lines, the output of a laser beam is enlarged, and a marking-offline is formed by 
**********ing the front face of a semiconductor sample. By changing laser-beam intensity in the shape of a square wave at this 
time, it is desirable to form a dashed line-like marking-offline. Here, the dispatch line of output 200mJ and a pulse width 
lOnmNd-YAG laser was converged, and the slot with a width of face [ of 1 micrometer ] and a length of 50 micrometers was 
minced at intervals of 50 micrometers. At this time, the desired analysis part was avoided and the slot was formed, a time delay 
after receiving the output signal 38 of a line selection circuitry until a square wave occurs ~ and — or what is necessary is to 
observe the image of a semiconductor sample front face, adjusting the intensity of pulse repetition frequency and a laser beam, to 
raise the intensity of a laser beam and just to start etching, after determining the part which forms a marking-offline 
[0032] Next, although a semiconductor sample is removed from a goniometer head and a cleavage is performed, since it is the 
same as the case of the gestalt of the 1 st operation, it does not explain anew. 
[0033] 

[Effect of the Invention] As explained above, according to this invention, precision can improve a cleavage by determining the 
direction of a cleavage and forming a marking-off line by the focal ion beam or the laser beam with an X-ray diffraction method. 
Moreover, since it is avoidable that a detailed analysis part is damaged with these high-energy beams by putting in a notch in the 
shape of a dashed line, by the conventional cleavage method, specification is difficult and the pure sample for analysis which can 
form and evaluate a cleavage plane into the very small portion which did not escape an injury can be produced. Especially, a 
cleavage is carried out in a vacuum, and if a sample is conveyed to assay equipment, with a vacuum held, it will also become 
possible to evaluate a pure cleavage front face. 


[Translation done.] 
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